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This Report was prepared by Bechtel Power Corporation (Bechtel) expressly
and exclusively for the purpose stated in the Professional Services Agree-
ment between (1} Bechtel and (2) Smith, Currie & Hancock LLP (SCH) in its
capacity as legal representative of South Carolina Electric & Gas Company
and South Carofina Public Service Authority (together the Qwners). Any use
of this Report {or any part thereof) for any different purpose is expressly not
authorized.

This Report includes maferials based on Bechtel's infellectual property (in-
cluding Bechtel know-how), as well as Bechtel's industry experience and
knowledge. Any disclosure of any such material beyond SCH and the Own-
ers Is not atthorized.

Except where specifically stated to the contrary, the information contained in
this Report was provided to Bechtel by others and has riot been inde-
pendently verified or otherwise examined fo determine ifs accuracy, cam-
pleteness or feasibility. In addition, the report relies upon certain assump-
tions which have been made. Any person’s unauthorized use of or reliance
on this Report or any information contained in this Report shall be at such
person’s sole risk.
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{ Materials received, collected, or prepared by Bechtel in connection with the assessment are the
property of the Owners and were treated as confidential by Bechtel.

1.3 Assessment Team

The assessment was performed by the following Bechtel professionals:

Dick Miller Manager of Operations, Assessment Project Lead

Carl Rau Executive Sponsor

George Spindle Construction Manager

Mike Robinson Construction Manager

Ed Sherow Engineering Manager

Ron Betck Project Manager (Engineering and Construction)

Steve Routh Project Manager (Engineering and Licensing)

Bob Exton Procurement Manager

Jason Moore Project Controls Manager

Jonathon Burstein  Project Controls Manager

Bob Pedigo Startup Manager

Jerry Pettis Project Administrator

Reviewers

Ty Troutman Principal Vice President, Assessment Reviewer
( John Alweli Principal Vice President, Assessment Reviewer

The collective experience of these senior managers includes:

= QOver 500 years of total experience

= Over 300 years of EPC nuclear experience

0/ 0 6 8bed - 3-0/€-/10Z #18%90Q - DSOS - Nd 65:8 ¥Z 41eqwsldes 810z - d311d ATIVOINOYLO3 13

= Project management experience on over 85 EPC projects

Resumes of the Bechtel assessment team personnel are included in Appendix B.

1.4 Assessment Timeline

Key dates included:

AT s vy

July 1, 2015 fnitial data request issued by Bechtel ;
August 8, 2015 Agreement signed
August 13, 2015 Kickoff meeting with the Cwners and the Consortium ”
August 14, 2015 Initial documents received from the Consortium :
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pipe supports resulting from changes in pipe support locations. Discussions with CB&| electrical
field engineers and superintendents indicate that there may be similar rework issues with WEC
electrical cable tray support designs due to design complexity.

3.1.5 Post-Detailed Design Engineering Closure Plan

Beyond completing the detailed design needed for constructicn, there remains a significant
amount of engineering that must be performed to support fuel load and startup. This primarily
involves the design engineering work performed by WEC, and to a lesser degree the work
performed by CB&I. These activities and programs must be completed to support preoperational
testing, startup, and system turnover for fuel load and power ascension testing and include:

= Final nuclear steam supply system (NSSS) safety analyses for as-built conditions,
including small break and large break loss-of-coolant accident analyses

= ASME pipe stress and pipe support as-built reconciliation
= Structural adequacy evaluation for Category | structures

»  Containment structural integrity and containment integrated leak rate test programs
(including engineering acceptance criteria)

= Mot functional and vibration monitoring test program (inctuding engineering acceptance
criteria}

= Class 1 stress reports {components and piping)
= Engineering support to component testing and pre-operational testing and startup

= Engineering document/record turnover to the Cwner

This work needs to be fully scoped, resource-loaded, and scheduled in the P8 integrated project
schedule with appropriate ties o construction and startup program actlvities. Based on a review of
the current schedule, the Consortium has not started this planning effort.

3.1.6 Design Change Control and Emergent Design Engineering Work Scope

Because of design complexity, particularly reinforcing bar design and spacing folerance
requirements, structural module fabrication in offsite and onsite fabrication shops is requiring a
significant amount of EEDCRS fo be reviewed and dispositioned by engineering to modify issued
designs to be more constructible. This trend will continue as construction moves to the installation
of piping, cable tray, conduit, HYAC, and equipment/components, especially with the supports for
these items owing to the complexity of design that has been identified in advance by construction
personnel.

The number of issues identified during the current civil phase of the construction effort is

significant. These issues have been identified during the erection of the nuclear isiand and turbine
island structures which comprise reinforced concrete basemats, exterior and interior wails, as well
as the auxiliary building and several major steel composite structural modules in the containment.
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Various LARs have represented significant project challenges since the start of safety-related
construction including:

LARs 54, 55 Basemat AC1-349 shear reinforcement (February 2013)
LAR 60 Auxiliary building structural floors (July 2014)
LAR 72 CA01 module anchor and CA05 (March 2015)
LAR 78 CAD4 tolerance change (August 2015)
LARs 110, 111 AWS D1.1-2000 (September 2015 and TBD)

LAR 30 Remaove MSIV compartment vents and change penetration rebar
design/turbine bay wall 11.2 tornado missiles (TBD)

The Consortium identifies the possibility of emergent LARs as one of the project’s significant
risks. These are LARSs (like the recent LAR on CA22 rebar) that are discovered late and have the
potential for impacting construction work progress. The various tight tolerances identified in DCD
Tier 1, Table 3.3-1, “Definition of Wall Thicknesses for Nuclear Island Buildings, Turbine Building,
and Annex Building” are a continuing concern with the civil construction work underway. And, as
the number of construction worlk fronts expands, the potential for identifying emergent LARs {and
departures) may increase.

3.2.3 ITAAC
There are 873 ITAAC. Thirieen (13) of the ITAAC have been closed (about 1.5%).

An ITAAC schedule has been developed that includes the closure activities for each ITAAC. The
schedule is a good tool fo frack the efforts for ITAAC closure. Periodic ITAAC schedule reports
are also submitted to the NRC.

All iTAACs must be closed by fuel load. This will be a significant challenge requiring substantial
efforts by the engineering and licensing organizations in the late stages of the construction effort.
The current schedule shows a peal of almost 120 ITAAC closures in January 2018 and over 80 in
June 2018.

ITAAC performance and documentation pians have been prepared for each ITAAC. Several
examples were reviewed during the assessment:

«  APP-RNS-ITH-004, Standard Plant ITAAC 2.3 06.08b.iv
= APP-PCS-ITH-014, Standard Plant ITAAC 2.2 02.02a
= APP-RCS-ITH-048, Standard Plant [TAAC 2.1 02.11b.iii
= APP-RCS-ITH-0586, Standard Plant ITAAC 2.1 02.08b
= APP-RCS-ITH-060, Standard Plant ITAAC 2.1 02.08d.vii
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This section describas the assessment of the construction and project controls aspects of the
project. Section 5.1 provides a summary of the current status. Secticn 5.2 describes the analysis
of the project construction schedule. Section 5.3 provides construction and project controls
observations and recommendations.

51 Current Status

511 Introduction

As part of the assessment, Bechtel's construction and project controls personnel gathered a wide
variety of information on the history and current status of the effort, such as:

= Reviewing organization charts

= Touring various areas of the site (e.g., Units 2 and 3 nuclear islands, turbine areas,
module assembly building (MAB) and laydown areas, temporary facilities)

= Reviewing schedule information, including indirects, bulk quantities, installation curves,
manpower curves, and weekly/monthly reports

»  Aftending safety meetings, plan of the day (POD) meetings, module status meetings, and
area schedule meetings

= Meeting with a number of individuals to understand the work packaging program, gquality
organization, project controls organization, engineering status, procurement program,
constructability and strategic planning, startup and turnover plan, and the document
control process

= Holding meetings to understand shield wall installation schedule, management of
indirects, craft recruiting (industrial relations), and raceway and hanger installation
challenges.

Early in Bechtel's assessment, the Consortium presented to Bechtel their organizations and the
status of and the plan for the project. The Consortium provided Bechtel the estimated bulk
quantities for installation, as well as the budgeted jobhours and performance to date by general
account (such as concrete, piping, and electrical; but no further breakdown). The Consortium
would not, however, share the unit rates, Without the unit rates, the Bechtel estimate of the
jobhours needed to complete the project is based on Bechtel's historical records and estimates of
work activities observed during their assessment.

0. o 8¢ abed - 3-0/¢-210Z # 19900 - 9SS - Wd 65:8 ¥ Jequaldes 810z - d3 114 ATIVOINOYLO3 13

it was apparent that confractual issues between the parties are impacting the work. Timely
resolution of problems does not seem to have the quick response needed by the project to
achieve the schedule.
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schedule slippage. Impacts from late design changes have also impacted the work. A large
number of interferences have been identified and the time it takes to resolve those interferences
as well as other problems such as construction errors has had a significant impact on the
schedule. In addition, the concrete portion of the shield building is complex and has impacted the
schedule.

There are plenty of work areas available to work, but the current staffing level wilknot supporttheir- — -
needs. In an effort to improve accountability on the project, the Consortium recently introduced a

Project Management Organization and an Operations Control Center. These organizations have

meetings every day, and although they are improving the accountability and problem resclution,

the time that the construction management personnel spend updating the issues discussed is

impacting their ability to be out in the work areas. Finally, non-manual turnover is running at

greater than 17%, which is impacting the morale on the project as well as the schedule.

51.4 Major Issues Affecting Schedule and Performance

There are a number of major issues that are having significant impacts fo the schedule and the
performance of the project, as described beiow. The Observations and Recommendations
seciion also provides additional detaits.

a. Working Too Many Hours for an Extended Period

A large percentage of the personnel on the project have been working 58 hours (5-10s and 1-8
hours per week) for an extended period of time. One of the reasons given was that the overtime is
used to attract the craftsmen (the project is advertised as a 48 hour work week). While overiime is
used to attract crafts, the project pay scale is competitive with most non-union projects in the
Southeast U.S. CB& is presently struggling to attract rebar ironworkers and will have similar
problems with pipefitters and electricians (there will be 2 te 3 times as many pipefitters and
electricians as ironworkers) when the project is heavily into the bulk installation.

There are other ways to atfract craftsmen besides overtime. Incentive programs have been
developed, such as providing an incentive of $1/hour for craftsmen staying until given a reduction
in farce, which would lower the almost 20% of craft resignations year to date. A lot of time and
money is expended getting the craftsmen on board, and an incentive program like this would hetp
retain them.

CB&l is considering increasing the amount of overtime in order to gain schedule. Numerous
studies by the Construction Industry Institute, Business Roundtable, Department of Labor, and
the trade unions have shown that when extended overtime is worked more than 8 o 9 weeks, the
performance deteriorates quickly resulting in a 58 hour week approaching the performance
equivalent of 40 hours. The costs definitely outweigh the benefits of this approach, for in addition
to reducing productivity, extended overtime also negatively affects morale, decision making, and
safety.

0. Jo Of @bed - 3-0/€-210Z # 19900 - 0SdOS - Wd 65:8 ¥ Jequaldes 810z - d3 114 ATIVOINOYLO3 13
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team that has few craftsmen to perform the work. The present difficulty in recruiting rebar
ironworkers just increases the problem. Combining Unit 2 and 3 nuclear island non-mantuals
might help solve some of these issues.

At this phase of construction, as elevations in the buildings are completed, there is usually space
to allow the craftsmen to locate “gang boxes” and storage boxes on each elevation, so the tools
needed for the work are located near the work area. Because of the ongoing module work and the
small footprint of the buildings, some workers are required to carry their tools to the work area
every day. If they find they need something they did not bring, they have to leave the building to
get it, which is another cause of time away from the workface.

d. Engineering Design Changes and Slow Resolution of Issues

A large part of the schedule slip is related to late design changes, slow resolution of interference
issues, and the time if takes to resolve construction errors and quality problems. A large number
of these issues are related to module construction. Many of the changes come at the last minute,
which requires the construction group to revise their plan, which can have a significant impact on
the work. In addition, changes are not being incorporated into the drawings in a fimely manner,
causing the craft to spend a good deal of time confirming they are working with the latest
information.

When questions arise due to design interferences or an engineering analysis of a construction or
quality problem is needed, it appears that either there are not enough engineering resources to
address the issue, or the issue is not addressed with the urgency needed to keep schedule and
cost impacts to a minimum, Apparently, there are a number of minor issues that used to be
resolved by field engineering, but now require design engineering resolution. For example, each
stud bent more than 15 degrees requires a design engineering resolution — this is just one
example out of hundreds. Construction has developed a generic guidance document to have
design engineering provide some standard procedures to address many of the minor issues.
However, a review of the issues requested indicates design engineering could provide more relief
to construction if more effort was spent in analyzing the issues. In addition, some of the responses
consiruction has received seem to be much more complicated than necessary (e.g., the missing
dowels from containment pour 4 which had to be drilled and grouted in). A loosening of instaliation
tolerances would be one area that could provide construction with some significant benefits.

Construction has initiated a constructability review and a strategic planning effort which reviews
the design to identify interferences and determine if there are constraints to the work. This should
help drive down the number of interferences that affect work schedules.

As long as there are late design changes occurring and there is not expeditious resolution of
issues that arise, there will continue to be significant schedule slippages.
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At V.C. Summer, a standard AP1000 design is being built that is planned to be used on numerous
sites. In comparison to the nuclear power plants of the 1980s, the AP1000 has reduced guantities,
encompasses a smaller footprint, and uses modules extensively. However, the reality as
experienced on V.C. Summer has shown some issues with this new, modernized design. The
modules, while a great concept, have proven to be an impediment to the construction and are
much more complicated to fabricate and install. While the quantities have been substantially
reduced along with the footprint, in some areas the density of the material in the area has
increased, resulting is a more difficult installation and an increase to schedule. While designing
the plant in multiple locations, it appears that the coordination between those groups was
inadequate in some instances. It also appears that few constructability reviews were performed,
resulting in many interferences and difficulties with the construction.»

Experienced crafismen and non-manuals will continue to be hard to find. Efforts are going to have
to be made ta train them and find ways io make their jobs easier. The project has an exiensive
onsite training facility that is capable of training individuals to become mast any craft. Recently, 13
laborers were trained to become rebar ironworkers where they currently have a shortage. The
training program needs to be expanded and kicked into high gear to start developing pipefitters,
electricians, welders, and more rebar ironwarkers. WP procedures need to be reviewed to make i
easier for the craftsmen to spend time at the workface.

5.1.5 Key Schedule Challenges
a. Staffing and Productivity

A significant project challenge is obtaining the craftsmen and getting them productive. At present,
the project is challenged to obtain enough rebar ironworkers and in the fuure, the challenge will
be obtaining the large number of pipefitters and electricians in the not-too-distant future. Gurrently
there are several areas where there is workable backlog (e.g., only 100 craft in the Unit 3
containment, several elevated floor slabs in the Unit 2 turbine building where rebar could be
installed, and no work in the Unit 3 turbine building). Over the past several months, the project has
been achieving a 0.5% progress per month when the Consortium’s schedule requires 1%. The
project needs to work the available workfaces to increase the progress. The future needs are
2.5% to 3% per month. The industrial relations group needs to get out in front with training and
obtaining the craftsmen needed.

The project has several requirements of the craftsmen that keep them from the workface, and
these need to be addressed. The WPs need fo be simplified in order o provide the foreman only
the information required to accomplish the work and have quality control sign-offs. At present, the
WPs include safety information that duplicates the weekly safety bulletins, the specifications and
standard details, and too many design changes without updating the design drawings. The WPs,
in some cases, are three inch binders, when the package the foreman needs is less than 1 inch
thick. The morning safety bulletin requires each member of the crew to sign the back of bulletin; it
takes 15 minutes for a crew of ten to review and sign the bulletin. Thus, it takes over an hour each
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appropriate, but the results become suspect when combining these commodities. Since the
underground activities occur significantly in advance of the above ground, the calculated
sustained duration window is extended creating false results for evaluation of achievability.

The primary scheduling tools reviewed included the bulk installation curves, Level 1 schedule,
and Primavera Level 2 & 3 schedules. Each of these items is addressed within the observation
and recommendations identified in Section 5.3. In sumimary, theSe tools appear to contain the
majority of procedural requirements and are deemed acceptable. The issues that exist with these
tools oceur within the data or level of tracking detail. Overall, the integrated project schedule
contains the entire scope of the project. The Issue is the appropriate level of detail contained at
each tevel of the schedule, ‘

= The Level 1 schedule lacks the appropriate level of detail fo be considered a useful
tracking tool. It only contains some of the required dates and the overall logic sequence is
not well represenied, nor easily understood by the reviewer.

= The Level 2 schedule within the Primavera fool is only a roll-up of the also included Level
3 schedule residing within. These rolled up Level 2 schedule activities, otherwise known
as “hammock” activities, have a limited usefulness due to the extended durations caused
by inactivity areas within a logic string. The Consortium's Level 2 schedule, which uses the
before mentioned "hammock” concept, reflects the typical paralle! activities which hide
critical logic ties resulting in a tool with limited usefulness.

= Unlike the Level 1 schedule, the Level 3 schedule includes a massive amount of detail,
Bechte!'s experience is that an appropriately sized Level 3 schedule, without the working
level schedule details included, resulis in a more efficient and accurate too! fo monitor the
overall project. For V.C. Summer, the Consartium has included their Level 5 working level
schedules, within the Primavera Level 3 database. This results in an overall EPC Level 3
schedule containing over 250,000 activities. Maintaining a schedule of this size takes a
great amount of effort and its accuracy can be questionable. The time taken to maintain
the schedule also detracts from other areas of the planning process which in most cases is
more effective than the detailed schedule updates. This practice can aiso create a short
sighted view with a loss in focus of what it takes to complete the overall project.

5.2 Analysis of the Project Construction Schedule

This section describes the process used by Bechtel to evaluate the project baseline construction
schedule’s most likely outcome. The current status of the project’s to-date performance and
percent complete by area were used as a starting point. Bechtel's past performance (21
completed nuclear units) plus four new reactor projects in the planning phase were used as
predictive metrics for to-go activities. (It is noted that past nuclear power plants were constructed
in accordance with 10 CFR 50 construction permits and not 10 CFR 52 combined licenses.)
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10.

11.

12.

13.

New assessment bulk installation curves were created with the to-go installation
windows set based on Bechtel's median historical susfained rates,

The newly created assessment “family of curves” was compared to Bechtel's
recommended model. The “family of curves” is a chait containing -all of the major
commodities scaled by percent complete. These commodities are then compared
against each other in relationship of project percent of time. A properly sequenced
project will represent itself in installation windows that follow a typical relationship.
The installation windows were adjusted as necessary to account for differences as
compared to Bechtel historicals.

Productivity factored hours were developed based on current performance and
input from Bechtel construction personnel by major account (site work, civil, piping
and electrical}. The newly created unit installation rates were verified against a
current, equivalently-sized, Bechtel project.

The commodity installation.curves were converted into craft hours based on the
assessed unit rates.

The assessed schedule and unit rate converted hours were used to create craft
manpower curves by craft type and facility.

Each major facility was reviewed for peak craft loading. Schedule durations were
extended where area saturation occurred.

Key craft (pipefitters and electricians) unit stagger curves were created for 9, 12,
18, and 24 month staggers between units and evaluated for "best fit" and "most
achievable”,

The assessment manpower curves were converted into percent complete curves.
The planned percent complete per month values were compared to Bechtel
historical references.

The current Consortium's starfup schedule was reviewed. The heavily
concentrated “turnover and checkout" duration was increased from 12 months to
18 months to account for the following concern in the turnover system waterfall:

= 2015; 2 turnovers
= 2016: 44 turnovers (cumulative: 46)

= 2017: 475 turnovers - 86% of total
{cumulative: 521 or 94% of the total BIPs)

= 2018 33 turnovers (cumulative; 554)

= 2019 1 turnover {cumulative: 555)
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5.2.2 Bases and Assumptions

The primary bases and assurmptions for the schedule analysis are identified below,

1.

10.

Bechte!'s historical reference data includes 21 completed nuciear units and four
new reactor projects currently in the planning phase.

Tutbine generator erection duration is based on Bechtel's average historical
installation durations.

All activities are worked on a 48 hour work week. A second shift is assumed at 20%
of overall directs.

During the current civil phase of the work, there are significant productivity impacts
resulting from engineering and procurement issues. The impacts during the bulk
installation of piping and electrical commedities are not expected to be as
extensive; however, some impacts due to future engineering and procurement
issues were included when developing the median case schedule.

Sufficient quantities and quality of craft are available to support project staffing
needs up to a maximum of 3,700 craft.

Engineering changes will not affect material availability to support construction
instailation dates.

All modules and materials will be delivered to support construction installation
dates.

Preventative maintenance will keep equipment operationally ready for installation.

The schedule has been developed to avoid craft area saturation levels by building
and elevation.

The typical historical buik installation sequence has been altered to account for the
following:

« The north side of the auxiliary building is exclusively electrical commodities
which allows for an almost parallel start with piping commodities which are
primarily located in the south half.

= The north side of the annex building is 80% electrical commodities which
allows for an almost parallel start with piping commodities, The south side
of the building is mixed and will follow the typical bulk instailation sequence.
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